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CONTINUOUS LAYING BY AMERICAN COOTS IN RESPONSE TO

PARTIAL CLUTCH REMOVAL AND TOTAL CLUTCH LOSS

Topp W. ARNOLD?
Department of Zoology, University of Western Ontario, London, Ontario N6A 5B7, Canada

ABsTRACT.—The ability of American Coots (Fulica americana) to produce additional eggs
was studied by experimentally removing six eggs from the clutch during laying (while always
maintaining at least three eggs in the nest), and by removing entire clutches during laying
to force birds to renest. Coots responded to partial (six-egg) clutch removals by laying an
average of 11.5 total eggs, which represents a slight though significant increase over the
mean control clutch size of 10.5. Despite this modest increase in mean clutch size, there was
a pronounced increase in the proportion of coots producing supernormal clutches (i.e. =13
eggs; 26% of removal clutches vs. 8% of control clutches). Egg production was not affected
by food availability, as coots with access to supplemental food were no more likely to respond
to partial clutch removals than were coots from unsupplemented territories. In response to
total clutch loss during laying, most coots (99/119; 83.2%) initiated a continuation clutch.
Virtually all continuation clutches (92.4%) were initiated within five days (¥ = 1.5 + SD of
2.2 days). Continuation clutches were no smaller than normal clutches, even though contin-
uation nesters had produced several previous eggs. In 1990 and 1991, the total number of
eggs produced by continuation nesters (all consecutive nests combined) averaged 15.8 = 8.2
and 12.8 * 5.2, respectively, compared to 9.8 = 1.5 and 11.0 + 2.1 eggs per clutch in initial
undisturbed nests. One continuation nester produced a remarkable 35 eggs in 37 days (four
consecutive nests plus two parasitic eggs). Neither egg size nor nesting success were reduced
among continuation nesters. Collectively, these data provide strong evidence against the egg-
formation hypothesis, which has been invoked to explain both clutch- and egg-size variation
in American Coots. These data demonstrate that continuation nesting may provide a better
means than partial clutch removals of testing egg-formation capabilities in birds. Received 5
March 1991, accepted 13 January 1992.

ACCORDING to Klomp (1970:2-3), the number
of eggs laid per clutch by determinate layers is
unequivocally limited by the number of folli-
cles that initiate development before laying be-
gins. Among indeterminate layers, the number
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of eggs laid per clutch is not determined by the
number of initially developing follicles, but is
instead regulated by an unknown feedback
mechanism that causes additional follicles to
develop and/or previously developing follicles
to be resorbed during the egg-laying period
(Klomp 1970:4-5). One frequently used method
of distinguishing between determinate and in-
determinate layers is to manipulate the number
of eggs present in the nest during egg laying
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(reviewed in Kennedy 1991). Determinate lay-
ers should not alter the total number of eggs
that they lay, whereas indeterminate layers will
often respond to experimental egg additions or
removals by laying fewer or more total eggs,
respectively (Cole 1917 in Klomp 1970).

The egg-formation hypothesis suggests that
clutch size in some species of birds is limited
by the ability of laying females to form addi-
tional eggs (Lack 1967, Ryder 1970, Ankney and
Maclnnes 1978). Results from egg-removal ex-
periments are often cited as evidence for or
against this hypothesis (Lack 1947, Winkler and
Walters 1983, Rohwer 1984, 1986, Briggs 1985,
Duncan 1986, Arnold 1990a). Clearly, if egg re-
movals can induce females to produce more eggs
than are found in a typical clutch, at a normal
rate of egg laying, and with no dire conse-
quences later in the breeding cycle (i.e. an in-
ability to complete incubation due to physical
exhaustion), then one could conclude that clutch
size is not limited by the ability of females to
produce eggs. Few egg-removal experiments
have generated such clear-cut results, however.
Typically, females do not alter their clutch size
in response to egg removals, or they respond
by replacing only a few of the eggs that were
removed (reviewed in Kennedy 1991). Such data
are ambiguous; they do not indicate whether
females were incapable of laying additional eggs
(as implied by the egg-formation hypothesis),
or simply unstimulated to lay more eggs (Klomp
1970). Thus, response of a bird to egg removal
demonstrates indeterminate laying, but lack of
response does not demonstrate determinate lay-
ing; it only demonstrates that the number of
eggs present in the nest during laying does not
proximately affect clutch size (Klomp 1970,
Briggs 1985).

Rohwer (1984, 1986) noted that laying female
ducks (prairie-nesting Anas and Aythya) do not
respond to experimental egg removals by pro-
ducing additional eggs, but a few females that
lose their nests during laying will immediately
initiate a continuation nest and proceed to lay
a normal complement of eggs in the new nest,
without interrupting the normal rate of egg lay-
ing. This phenomenon has rarely been ob-
served among waterfow! (see Rohwer 1986),
but when it has occurred, females have laid
many more consecutive eggs than are ever found
in a normal clutch. For example, Gates (1962)
documented 22 consecutive daily eggs in three
successive nests of a marked female Gadwall
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(Anas strepera), but clutch size in this population
averaged 10.1 and did not exceed 12 in a sample
of 43 nests (Gates 1962:table 6). Observations
such as this would seem to provide a powerful
rejection of the egg-formation hypothesis (see
Arnold and Rohwer 1991), but continuation lay-
ing has been recorded so infrequently among
waterfowl (and there have been so few oppor-
tunities to observe continuation laying) that it
would be premature to draw firm conclusions
from the few available records.

In this paper, I use two sources of data to
assess the ability of American Coots (Fulica
americana, hereafter “coots”) to produce addi-
tional eggs: (1) total eggs laid in response to
partial clutch removals; and (2) ability to pro-
duce continuation nests following total clutch
loss during laying. Previous authors have im-
plied that clutch sizes and/or egg sizes of coots
were limited by the availability of nutrients for
egg-laying females (Alisauskas and Ankney
1985, Alisauskas 1986, Hill 1988, 1989, Briggs
1989). If this were true, I predicted that: (1)
females would not respond to partial or total
clutch removals by producing more total se-
quential eggs than are found in a typical clutch;
or (2) if females did respond by laying more
total eggs, they would either have to compro-
mise the size of their eggs (e.g. Rohwer and
Eisenhauer 1989), or they would be unlikely to
successfully complete incubation (e.g. Ankney
and MacInnes 1978).

METHODS

I conducted egg-removal experiments during four
field seasons (1985-1988) on a study area near Min-
nedosa, Manitoba (50°10'N, 99°47'W). The study area
consisted of numerous small wetlands (~0.1 to 3.0
ha) that were inhabited by 1 to 21 pairs of breeding
coots. Egg removals started with the fourth-laid egg
and continued daily through the ninth-laid egg; that
is, six eggs were removed from each clutch, at a rate
of one egg per day (the typical laying rate; Arnold
1990b), unless the laying female failed to produce
nine or more eggs. Hence, until they laid 11 or more
eggs, laying birds always returned to find up to 3
eggs in their nests. I began removals with the fourth-
laid egg because manipulation of nest contents when
fewer eggs are present can result in high rates of
abandonment (Arnold, pers. observ.; see also Livezey
1980, Rohwer 1984, 1986). Coots typically have four
to six simultaneously developing follicles (Alisauskas
and Ankney 1985, Arnold 1990b), and clutch sizes at
Minnedosa are most commonly 8 to 12 eggs (see Table
1). Thus, coots should have had plenty of time to
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respond to egg removals by developing additional
follicles, if such a response was part of their normal
nesting behavior (see also Rohwer 1986). Control
clutches were nests found during the same time pe-
riod as removal clutches (clutch size declines season-
ally in coots [Alisauskas and Ankney 1985, Arnold
1990b]; hence, removal and control clutches should
have similar initiation dates). For 1985 through 1987,
control nests were visited daily to mimic the level of
investigator disturbance experienced at removal nests,
but daily visits to control nests were not continued
in 1988. In 1985 and 1986, I also conducted a small
number of experimental egg additions. This involved
adding six eggs to the clutch, at a rate of one to three
eggs per day, so that all six eggs were added by the
time the host female had laid her sixth or seventh
egg.

In 1987 and 1988, supplemental food was available
to large samples of coots during egg laying, including
birds from removal and control nests. In 1987, sup-
plemental food included cracked corn and trout chow,
which were provided independently in a 2 x 2 fac-
torial design (i.e. *corn, ttrout chow). Corn is ex-
tremely high in nitrogen-free extract (i.e. carbohy-
drate, 80.4% of dry weight) and is an excellent diet
for lipogenesis (Alisauskas et al. 1988), whereas trout
chow is high (=40%) in crude animal protein (Arnold
1990b:appendix 1). These food supplements were se-
lected to independently assess lipid (corn) and pro-
tein (trout chow) limitation during egg laying (Ali-
sauskas and Ankney 1985, Drobney and Fredrickson
1985, Ankney and Afton 1988, Briggs 1989, Hill 1989).
Coots readily consumed supplemental corn, but re-
luctantly consumed trout chow. I could not determine
if this was in response to specific nutrient needs (i.e.
lipid limitation, rather than protein limitation; Drob-
ney and Fredrickson 1985, Ankney and Afton 1988),
or due to differential palatability. But because adult
coots are not normally carnivorous (Jones 1940), I
changed the composition of supplemental food in
1988 in attempt to provide a more palatable diet. In
1988, supplemental food consisted of a 20:10:10:1:1
mixture of cracked corn, layer diet for chickens (pro-
tein content =18%), rabbit pellets (plant protein,
=18%), oyster shell (calcium supplement), and grit
(to assist with mechanical breakdown of food in the
gizzard).

I studied continuation nesting at the same study
site in 1990 and 1991. In 1991, supplemental food
(same mixture as in 1988) was available to approxi-
mately one-half of the coot pairs. Data on continua-
tion nesting came from two sources: (1) manipulative
data from experimental clutch removals, in which I
removed all eggs from laying-stage coot nests to in-
duce renesting; and (2) observational data from
clutches that were naturally destroyed or abandoned
during egg laying. Clutch manipulations were con-
ducted with the larger objective of determining re-
nesting intervals in relation to stage of the initial nest
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at the time of destruction (e.g. Doty et al. 1984), so
clutch removals were not standardized with respect
to number of eggs laid. Data used in this paper are
from clutches that I removed during the laying stage
(2-11 eggs laid). At completion, most initial clutches
on my study area contained 8 to 12 eggs (range 4-
18). Thus, some coots had undoubtedly laid the final
egg of their clutch on the day that I collected their
eggs (i.e. these birds were incubating, not laying), but
I had no way of assessing whether this was the case.
Manipulations were completed before 1000 to allow
coots as much time as possible to construct a new nest
before their next egg was due to be laid. I removed
only one clutch per coot pair, but subsequent clutches
sometimes were destroyed or abandoned during lay-
ing. For clutches that were destroyed naturally, there
was often some ambiguity as to exactly when nest
destruction took place. For these clutches, I assumed
that destruction had occurred at the earliest possible
date. Hence, estimates of total eggs laid are minimal
and estimates of renesting intervals are maximal. Some
coots produced two to four continuation nests in re-
sponse to repeated nest failures. These instances of
multiple continuation nests occurred because some
coots were extremely sensitive to investigator distur-
bance and abandoned their new clutch as soon as I
discovered it. This continued to occur even after I
ceased flagging nests and marking eggs, so I believe
it was my physical presence at the nest that caused
these birds to abandon. Nest bowls were not dis-
turbed during experimental clutch removals, and of-
ten remained intact following natural clutch destruc-
tion, but only 1 of 73 coots renested in the same nest
bowl following total clutch loss (this occurred more
regularly following partial clutch removal; see also
Fredrickson 1969, Hill 1986). I assigned continuation
nests to particular females (who were not individu-
ally banded) by a combination of criteria, including
timing of nest initiation in relation to destruction of
a previous nest (i.e. a continuation nest had to have
been initiated after an earlier nest was destroyed),
proximity to a previously destroyed nest (usually <40
m), and most importantly, visual characteristics of the
respective eggs (i.e. shell color and spotting pattern;
Arnold 1990b:appendix 2). In blind performance tri-
als to assess my accuracy at recognizing individual
coots according to characteristics of their eggs, I
achieved approximately 90% correct identification in
three of four experiments (Arnold 1990b). Statistical
analysis of egg-size repeatabililty (see below) provid-
ed further evidence that  was assigning continuation
clutches to the correct individuals. Therefore, I am
confident that virtually all continuation nests were
identified correctly. In a few instances (all from 1991)
in which continuation nests could not have been dis-
covered because subsequent nest searches were not
conducted, I inferred that females had renested if an
unmarked newly hatched brood was observed within
the former nesting territory (all other broods on these
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wetlands had individually color-marked chicks). In
these instances, the brood could have been produced
by a replacement female, rather than the initial nest-
ing female, but observations from other territories
(for which all nests were discovered and egg char-
acteristics were compared) suggest that replacement
females would have been rare.

Three out of 73 females laid eggs parasitically in
nests of other coots during the interval between de-
struction of their initial nest and initiation of their
replacement nest (see Appendix footnotes). In all three
cases, these eggs were recognized as being parasitic
on the basis of faster than normal rates of egg de-
position (i.e. 2 eggs/day) in the hosts” nests (e.g. Roh-
wer and Freeman 1989), and they were attributed to
a particular parasitic female on the basis of egg char-
acteristics (Arnold 1990b; see also Gibbons 1986, Lyon
1991, Moller and Petrie 1991). In one case the pre-
sumed parasite was the only other nesting female on
the wetland, in another case there were two other
females present, and in the third case there were 11
other nesting females, but the presumed parasite oc-
cupied the adjacent territory.

Clutch size refers to the number of eggs laid in a
single nest bowl in a single laying sequence by a
single coot (parasitic eggs that could be recognized
by supernormal laying rates or egg characteristics were
excluded). A laying sequence was defined as a series
of eggs produced by a single female in one or more
nest bowls and separated by no more than 48 h be-
tween consecutively laid eggs (laying coots typically
lay one egg per day, but laying skips occur on ap-
proximately 3% of all potential laying days; Arnold
1990b:table 3.8). Clutch size was considered complete
if no new egg was added for two consecutive days,
provided that eggs in the nest were warm to the touch
(i.e. warmer than ambient temperature) and, hence,
being incubated by at least one parent and not simply
abandoned during laying (abandoned clutches were
excluded in the egg-removal experiment). Clutch size
at removal nests refers to total eggs laid and, there-
fore, includes the six eggs that were experimentally
removed. At egg-addition nests, clutch size does not
include the six experimentally added eggs. For the
continuation-nesting experiment, clutch size refers to
the number of eggs laid in the replacement clutch, if
it was completed and subsequently incubated. Total
eggs refers to the total number of eggs laid in one or
more nests by females with nests that were destroyed
during laying, whether or not such females produced
a continuation nest, and whether or not all eggs were
part of asingle laying sequence. For example, a female
whose first clutch was destroyed at the six-egg stage
and who did not subsequently renest would have
produced six total eggs, whereas a female whose first
clutch was destroyed at the seven-egg stage and who
went on to lay a nine-egg replacement clutch (with
or without interrupting the original laying sequence)
would have produced 16 total eggs. I defined se-
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Fig. 1. Renesting delay of American Coots in re-

lation to number of eggs in the previous clutch (Y =
0.68 + 0.16X, 2 = 0.04, P = 0.06, n = 92).

quential eggs as any subset of total eggs that was
produced in a single laying sequence and culminated
in a completed clutch. Renesting delay refers to the
number of days in which normal egg laying was de-
layed before initiating a replacement clutch; for in-
stance, if a coot initiated a renest on the day after
clutch destruction, without missing a day of egg lay-
ing, the renest interval was zero days. Coots lay eggs
between 2400 and 0500 (Sooter 1941, Gullion 1954),
well before I initiated field work. Hence, there was
no danger of overestimating renest intervals by one
day due to birds having laid that day’s egg after I had
visited their nests.

Egg size was determined from linear measurements
(£0.05 mm) of length (L) and maximum breadth (B)
using Hoyt’s (1979) formula for estimated volume
(cm?3):

V = 0.000507LB>. 1

This measure of egg volume is highly correlated with
fresh egg mass (r2 = 0.96; Arnold 1991) and with total
lipid, protein, and energy content (r* = 0.51, 0.83, and
0.78, respectively; Arnold et al. 1991). Within-female
and within-clutch repeatabilities for egg volume were
determined using a nested ANOVA (Lessells and Boag
1987).

Statistical analyses were performed using the GLM
and NESTED procedures of SAS (SAS Institute Inc.
1985), except F,,,.-tests, which were computed by hand
(Sokal and Rohif 1973). Means * 1 SD are presented.
Regression lines were calculated using least squares.

RESULTS

Egg-removal experiments.—Coots that had six eggs
experimentally removed from their nests dur-
ing egg laying produced significantly more eggs
than did unmanipulated controls (ANOVA on
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pooled data, P = 0.001); however, they only
replaced about one of the six missing eggs on
average (Table 1). Removal effects were signif-
icant in 1985 and 1986 (Table 1), and were near-
ly significant in 1988 (feeding treatments pooled,
P = 0.09), but egg removal did not affect clutch
size among any of the 1987 feeding treatments
(Table 1), or in the combined 1987 data (P =
0.85). Egg removal did not affect all coots uni-
formly; clutch sizes of most removal coots were
similar to those of controls, but a significantly
larger fraction of removal coots laid supernor-
mal numbers of eggs (i.e. clutch sizes =213, 25.7%
of removal nests vs. 8.0% of control nests, Fisher
exact test, P = 0.00006, Table 1). This hetero-
geneity of response to egg removals was re-
flected by among-treatment variance compo-
nents. Variance in clutch size of removal birds
increased relative to controls in seven out of
eight sample groups (Table 1; sign test, P =
0.03); however, F,,,,-tests were significant only
for 1986 (unsupplemented), 1987 (corn-fed), and
1985-1988 (pooled data). There were no signif-
icant interaction effects between egg removal
and supplemental feeding for either 1987 or
1988, or for both years combined, so the ability
of coots to respond to egg removal did not ap-
pear to be a function of their ability to lay more
eggs (according to the egg-formation hypoth-
esis, supplementally fed birds should have been
better able to lay more eggs). With data from
all four years combined, there was a nearly sig-
nificant removal-by-year interaction effect (Ta-
ble 1, P = 0.06). Hence, the absence of a removal
effect in 1987 reflected a statistically different
population response to egg removal in com-
parison to the other three years.

When I included laying date as a covariate in
the preceding analyses, quantitatively similar
results were obtained in all but one case; re-
moval effects for 1988 became statistically sig-
nificant when date was used as a covariate (Ta-
ble 1). There were significant removal-by-laying-
date interactions in 1985, 1986, and 1988 (fed
group only; Table 1). In 1985, the removal effect
(i.e. mean removal clutch size minus mean con-
trol clutch size) became larger later in the nest-
ing season, but during 1986 and 1988 the re-
moval effect diminished later in the season.

In 1988, two coots responded to partial clutch
removals by laying additional eggs in a second
laying sequence. One coot laid 10 eggs, skipped
four days, and then laid 3 more eggs. Another
laid nine eggs, skipped from 2 to 12 days (pre-

Tobp W. ARNOLD

[Auk, Vol. 109

cise interval unknown), and then laid four more
eggs.

Egg-addition experiments.—In 1985 and 1986,
clutch size was determined for six nests to which
six eggs had been experimentally added during
the laying period; one of these coots laid 9 eggs,
two laid 10, and three laid 11 (¥ = 10.33 = 0.82).
Clutch size of addition nests did not differ from
control nests (1985 and 1986 combined, 11.09
* 1.61,n =107; F,,-test, F,;, = 0.26, P > 0.05;
ANOVA, F,,;, =132, P = 0.25).

Continuation nesting.—Most coots responded
to complete clutch loss during laying by pro-
ducing replacement clutches; 99 of 119 nests
(83.2%) involving 73 different coots were known
to be replaced (Appendix). Of the 20 clutches
that were not replaced, 9 were destroyed after
10 June, by which time almost all nest initia-
tions had ceased (including both initial nests
and renests; Arnold 1990b). In addition, I had
no opportunity to find replacement clutches for
four nests in 1991 because subsequent nest
searches were not conducted and there was no
opportunity to observe potential broods.

Most continuation nests were initiated as part
of the same laying sequence as the earlier clutch
(65 of 92 intervals [70.7%]; Appendix, including
three cases where females laid some parasitic
eggs). The average renesting interval was 1.5 =
2.2 days. Excluding nests for which destruction
dates were imprecisely known, the average re-
nesting interval was 0.8 + 1.2 days (n = 75).
Renest intervals increased slightly with num-
ber of eggs in the previous clutch (Fig. 1), but
were unaffected by number of previous clutches
(b = 0.33, r2 = 0.01, P = 0.31) or total number
of previous eggs (b = 0.07, r2 = 0.03, P = 0.10).

Completed continuation nests averaged 9.1
+ 3.2 eggs in 1990 (n = 23) and 11.0 + 2.3 eggs
in 1991 (n = 21; Appendix), whereas completed
first clutches averaged 9.7 = 1.5and 11.0 + 2.1
eggs, respectively (Arnold 1990b, unpubl. data).
These means did not differ (1990, F, ,; = 1.60, P
=0.21;1991, F, ;5,= 0.00, P = 0.95), even though
continuation nests were initiated 12 and 5 days
later, on average, than were 1990 and 1991 first
clutches (1990, F,,, = 67.18, P < 0.0001; 1991,
F, 155=22.78, P = 0.0001). In 1990, initial clutch
size declined by 1.0 egg over a 12-day period,
whereas initial clutch size declined by 1.2 eggs
over a 5-day period in 1991 (Fig. 2). In 1990,
clutch size in continuation nests was nonsig-
nificantly larger than clutch size in first nests
after controlling for variation in laying date
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(Fig. 2A; mean least squares for first nests, ¥ =
9.48; for continuation nests, ¥ = 9.93); in 1991,
this effect became significant (Fig. 2B; mean least
squares for first nests, ¥ = 10.9; for continuation
nests, ¥ = 11.9). Further analysis revealed that
the increase in clutch size of continuation nests
in 1991 occurred only on fed wetlands (i.e. there
was a significant food-by-nest-attempt interac-
tion, F, ;;, = 4.96, P = 0.028; mean least squares
for unfed first nests, ¥ = 10.6; for unfed contin-
uation nests, ¥ = 10.8; for fed first nests, ¥ =
11.5; for fed continuation nests, ¥ = 13.8). This
interaction effect does not indicate that unfed
coots had difficulty laying a normal-sized con-
tinuation clutch, but rather that fed coots were
able to produce exceptionally large continua-
tion clutches. Continuation nesters that initi-
ated and completed their replacement clutch as
part of the same laying sequence as their orig-
inal clutch laid 13.3 £ 6.1 sequential eggs in
1990 (range 5-27) and 16.1 + 4.3 sequential eggs
in 1991 (range 9-24), an average of 3.6 and 5.1
eggs more than controls, respectively.

Coots that lost their clutches during egg lay-
ing produced more total eggs than did coots
whose first clutches were undisturbed (1990
continuation nesters, 15.8 = 8.2 eggs, range 2-
35, n = 32 [data from Appendix]; 1990 undis-
turbed nesters, 9.7 = 1.5 [Arnold 1990b]; 1991
continuation nesters, 12.8 £ 5.2, range 3-24, n
= 41 [Appendix]; 1991 undisturbed nesters, 11.0
+ 2.1 [Arnold unpubl. data]). If I excluded coots
that never attempted to replace their initial
clutch, coots that I collected during laying for
other research, and coots whose territories were
not searched for subsequent nests, the mean
number of total eggs for continuation nesters
was slightly larger (1990, 16.7 * 7.6; 1991,
14.2 £ 5.0). In 1990, laying rates of continuation
nesters increased with total number of eggs laid
(b = 0.010, F,,, = 5.96, P = 0.02), but declined
with number of nesting attempts (b = —0.105,
F,,,= 8.37, P = 0.007), suggesting a significant
temporal cost associated with production of nests
rather than eggs. In 1991, laying rates of con-
tinuation nesters were significantly higher than
in 1990 (F,,, = 7.16, P = 0.01), but laying rates
were not influenced by numbers of eggs or nests
(P = 0.43 and 0.59, respectively).

Egg-size variation.—Mean egg volume and
clutch size were not correlated among removal
nests (r = 0.14, P = 0.24, n = 71 nests). This
correlation remained insignificant if it was based
only on early-sequence (1-9) or late-sequence
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Fig.2. Clutch sizes of initial and continuation nests
in relation to nest initiation dates in (A) 1990 and (B)
1991. Regressions of clutch size on Julian nest initi-
ation date: (A) 1990 initial clutches, Y = 21.29 — 0.08X,
r2=0.07, P =0.03, n = 68; 1990 continuation clutches,
Y = 2373 — 0.10X, r* = 0.08, P = 0.20, n = 23. AN-
COVA comparisons: clutch effect, F, o= 0.54, P = 0.47;
date effect, F,,, = 6.99, P = 0.01; interaction effect,
F.e = 0.04, P = 0.84. (B) 1991 initial clutches, Y =
4296 — 0.23X, r> = 0.23, P = 0.0001, n = 117; 1991
continuation clutches, Y = 15.16 — 0.03X, r2 = 0.002,
P =0.86,n=19. ANCOVA comparisons: clutch effect,
F 155 = 424, P = 0.04; date effect, F,;; = 30.64, P =
0.0001; interaction effect, F,;, = 2.10, P = 0.15.

(10%) eggs (early, r = 0.14, P = 0.25, n = 70 nests;
late, r = 0.10, P = 0.54, n = 38 nests).

Egg size was highly repeatable between ini-
tial and continuation clutches; female effects
accounted for 62.7% of the total variation in egg
volume, whereas clutch effects accounted for
only 13.1% of this variation. Egg size was not
reduced among continuation clutches (mean egg
size of second clutches averaged 0.47 + 2.07
cm? larger than in the initial clutch [represent-
ing a 1.7% increase]; paired t-test, t = 1.54, P =
0.13, n = 46 pairs). There was no trade off be-
tween total eggs laid by continuation nesters
and mean egg size (Fig. 3).

Nest success.—Of 39 continuation nests that
were completed and subsequently incubated,
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Fig. 3. Relationship between mean egg size and
total egg production for American Coots losing one
or more clutches during laying (data from Appendix).
Trend line not significant (r = 0.16, P = 0.20, n = 66).

eggs in all but one successfully hatched (97.4%;
data exclude one nest where I collected the fe-
male, three nests where final fate was not de-
termined, and six “nests” that consisted only of
brood observations), whereas apparent nest suc-
cess of first nesting attempts in 1990 and 1991
(excluding nests that were abandoned or de-
stroyed during laying, nests that I experimen-
tally destroyed, and nests where I collected one
or both of the adults) was 86.6% (123/142). This
difference approaches statistical significance
(Fisher’s exact test, P = 0.08).

DiscuUsSION

Egg-removal experiments.—During three of four
years (1985, 1986, and 1988, but not 1987), coots
laid larger clutches when six eggs were exper-
imentally removed from their nests during egg
laying. When variation due to laying date was
statistically controlled, annual variation in re-
sponse to experimental egg removal was nearly
significant (P = 0.06). Thus, the lack of response
in 1987 was not a statistical anomaly caused by
small samples of nests; in fact, I obtained the
most removal data in 1987. Such annual varia-
tion in response to egg removals might be pre-
dicted if coots had unusually low food supplies
in 1987, or if they arrived on the breeding
grounds with smaller lipid reserves than nor-
mal (Alisauskas and Ankney 1985) and, hence,
were unable to produce as many eggs as in other
years. Although mean clutch size was smaller
in 1987 than in the preceding two years, it was
somewhat larger than in 1988, when an effect
of egg removal was detected. Coots did not ar-
rive with larger lipid reserves in 1988 versus
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1987 (Arnold 1990b; in fact, among laying fe-
males in 1987 fat and protein reserves were 3.3
and 7.3 g larger, respectively), and the failure
of food supplements to enhance the removal
effect in 1987 and 1988 suggests that local food
supply was not an important determinant of a
coot’s “decision” to lay more eggs (see below).
I cannot explain the lack of response to egg
removals in 1987.

Although removal coots often laid more total
eggs than did controls, they replaced, on av-
erage, only one of the six eggs that had been
removed. There appeared to be pronounced in-
dividual variation in response to egg removals;
some coots produced supernormal clutches (e.g.
=13 eggs), whereas others laid as few as six total
eggs. Individual variation in response to egg
removals apparently was not a function of vari-
ation in access to food resources, because coots
receiving supplemental food were no more
likely to respond to partial clutch removals than
were control coots. This failure to respond to
food supplementation was not due to poor qual-
ity or inaccessibility of the food resources, be-
cause supplemental food did affect many other
aspects of nesting biology (e.g. initial clutch
size, fledging success, growth rate; Arnold
1990b). Reid (1987) obtained similar results
when he supplied some Glaucous-winged Gulls
(Larus glaucescens) with supplemental food and
removed the first-laid egg on the day it was laid;
some gulls laid a fourth egg, but their propen-
sity to do so was unrelated to supplemental
feeding.

Sooter (1941) removed all but one egg from
10 American Coot nests in Iowa. Two nests were
immediately abandoned, but coots at the re-
maining eight nests went on to lay from 14 to
18 total eggs (¥ = 15.9 vs. an average clutch size
of 8.6 in comparable control nests). It is not clear
from Sooter’s (1941) account whether all eggs
except the first were removed daily as laid, and
whether all 14 to 18 eggs were laid as part of a
single uninterrupted laying sequence. How-
ever, if both these conditions were met then it
appears that his population was somehow bet-
ter able to respond to egg removals, or that
removals beginning with the second egg are
more likely to be successful.

In European Kestrels (Falco tinnunculus), fe-
males will lay additional eggs only when re-
movals are initiated before incubation constan-
cy reaches about 50% (Beukeboom et al. 1988,



July 1992]

see also Meijer 1990). Meijer et al. (1990) hy-
pothesized that the rising prolactin levels as-
sociated with onset of incubation are also re-
sponsible for suppressing the development of
additional follicles and, hence, prolactin prox-
imately determines clutch size. It is not known
to what extent female coots incubate during egg
laying (the issue is complicated by biparental
incubation), or what happens to prolactin levels
during the egg-laying period. However, incu-
bation constancy increases steadily between day
3 and day 6 of egg laying, as determined from
handling eggs and assessing their relative tem-
perature (Bett 1983, Arnold unpubl. data), so
perhaps initiating egg removals with the fourth-
laid egg was not early enough to affect clutch
size. Consistent with Meijer’s view, removals
were more effective in 1985-1986 than in 1987-
1988, when natural clutch sizes were about two
eggs larger (see Table 1). Thus, in 1985-1986,
coots would have had two more days, on av-
erage, to respond to egg removals. The seasonal
decline in responsiveness to egg removals, as
evidenced by the negative interaction effect be-
tween egg removal and laying date in 1986 and
1988, also is consistent with this hypothesis.
Clutch size declines seasonally and onset of in-
cubation increases seasonally (Arnold 1990b,
unpubl. data), so coots therefore have less time
to respond to egg removals later in the season.
Other birds also appear to exhibit a seasonal
decline in responsiveness to egg removals (e.g.
House Wrens [Troglodytes aedon], Kendeigh et
al. 1956, Kennedy and Power 1990; captive
American Kestrels [Falco sparverius), Porter 1975;
Herring Gulls [Larus argentatus], Parsons 1976;
European Kestrels, Beukeboom et al. 1988). Data
on continuation nesting in coots would seem
to invalidate the incubation/prolactin hypoth-
esis of Meijer et al. (1990) because many birds
renested immediately despite losing clutches of
6 to 11 eggs (Appendix); however, evidence
suggests that prolactin levels may decline pre-
cipitously following partial or total clutch loss
(Hall 1987a, b).

Two coots responded to egg removals by lay-
ing additional eggs, but only after several days
of delay. These instances do not represent in-
determinate laying, but are instead instances of
double clutching in the same nest bowl. Such
behavior has been observed previously among
House Sparrows (Passer domesticus) in response
to egg removals during laying (Anderson 1989),
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and among American Coots in response to ex-
perimental reduction of clutch size during in-
cubation (Fredrickson 1969), as well as at un-
manipulated coot nests (Gullion 1954, Bett 1983,
Hill 1986).

Results from the egg-removal experiments
provided mixed support for the egg-formation
hypothesis in American Coots. Although some
coots responded to the removals by laying more
eggs than they normally would have, most coots
appeared unable or unwilling to replace the six
eggs that had been removed. These results are
similar to most other studies on determinacy of
egg laying in precocial and semiprecocial birds,
in which birds either failed to respond to egg
removals or only responded in part (McAllister
1958, Barry 1962, Parsons 1976, Fugle and Roth-
stein 1977, Rohwer 1984, Winkler 1985, Reid
1987, Arnold 1990a; but for an alternative view
see Kennedy 1991). When interpreting these
studies, however, the distinction between be-
ing unable and unwilling to continue laying
becomes crucial (Klomp 1970). If clutch size (to-
tal eggs to be laid) has been determined by the
time that egg removals begin, then removals
cannot test whether or not clutch size is limited
by the ability of females to form eggs (Klomp
1970). Problems with timing of egg removals
are not the only methodological concerns. Daily
egg removals are designed to fool a laying fe-
male into “thinking” she has laid fewer eggs
than she actually has, but some females might
recognize these removals and interpret them as
partial clutch predation. If such were the case,
and if single-egg predators were likely to return
to rob the remainder of the clutch, then the
adaptive response to a perception of partial
clutch reduction might be to abandon the cur-
rent nest and begin a new nest elsewhere (e.g.
Hall 1987a, Armstrong and Robertson 1988). In
this scenario, egg-removal experiments cannot
test the egg-formation hypothesis and will not
indicate whether birds are determinate or in-
determinate layers. Proximate physiological
mechanisms of clutch-size determination (and
when these occur) need to be better understood
in order to properly interpret egg-removal ex-
periments (Meijer 1990). Fortunately, studies of
continuation nesting may help to resolve this
issue in at least some species of birds.

Egg-addition experiments.—Coots did not re-
spond to experimental egg additions by laying
fewer eggs. Although my sample of addition
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nests was small (n = 6), my chances of detecting
reductions in clutch size of 1, 2, 3, 4, 5, or 6 eggs
were 0.24, 0.70, 0.94, 0.996, 0.9999, and 1.00,
respectively (Sokal and Rohlf 1973; one-tailed
tests). Some authors have argued that it would
be adaptive for birds to reduce their clutch size
in response to intraspecific brood parasitism
(Andersson 1984, Power et al. 1989; but see Roh-
wer and Freeman 1989). Although coots are reg-
ularly parasitized by conspecifics (Lyon 1991,
Arnold unpubl. data), and there is evidence that
survival is reduced among large broods (Lyon
1991), coots did not respond to experimentally
enlarged clutches by laying fewer eggs. This is
consistent with most other experiments that
have added eggs to clutches during laying (re-
viewed by Kennedy 1991; but see Andersson
and Eriksson 1982).

Continuation nesting.—In 1990, over 80% of all
coot nests that were lost during laying were
subsequently replaced with continuation nests.
Only 7 of 92 renesting intervals (7.6%) were
greater than five days, which represents the
minimum amount of time necessary to develop
new eggs from unenlarged ova (Alisauskas and
Ankney 1985, Arnold 1990b). Hence, most coots
initiated continuation nests by using follicles
that were already developing. All long delays
(i.e. >5 days) followed nonmanipulative clutch
losses, so that exact intervals between clutches
were unknown. The majority of renest intervals
were zero or one day. The length of renest in-
tervals increased slightly with number of re-
nesting attempts (one day for every three nests),
number of eggs laid in the previous clutch (one
day for every six eggs), and total number of
previously laid eggs (one day for every 14 eggs).
Although this may provide evidence that coots
were becoming “exhausted” from continuation
laying, the effect sizes, nevertheless, are quite
small.

Some coots produced phenomenal numbers
of consecutive or near-consecutive eggs: female
4029 laid 35 eggs in 37 days (four different nests
plus two parasitic eggs); female 4018 laid 34
eggs in 39 days (five nests plus three parasitic
eggs); and female 4009 laid 27 eggs in 28 days
(three nests; Appendix). Other coots produced
very large replacement clutches following along
laying series in one or more earlier nests: female
4088 laid a 17-egg clutch after laying 3 eggs in
a previous nest; female 4029 laid a 14-egg clutch
after laying 21 eggs in three previous clutches;
and female 222 laid a 15-egg clutch after laying
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8 eggs in two previous clutches (Appendix).
Laying rates were not reduced among coots lay-
ing large numbers of eggs; in fact, these indi-
viduals had significantly faster rates of egg pro-
duction in 1990. In contrast to these examples
of excessive egg production, a few coots laid
very small continuation clutches, and their
combined total egg production was approxi-
mately one “normal” clutch of eggs (e.g. female
4094 laid four eggs in her first nest and only
five eggs in a continuation nest; Appendix).
Other coots had long renesting intervals (=6
days; e.g. coots 4036, 4024, 4074, 4132, 56, and
140; Appendix) or experienced laying skips
while producing the continuation clutch (coots
4005 and 4024). Collectively, these data on con-
tinuation nesting suggest that most coots had
little difficulty in producing more than a normal
complement of eggs, and that clutch size in
most coots is unlikely to be limited by the abil-
ity to form eggs (cf. Alisauskas and Ankney
1985, Briggs 1989). However, a few coots ap-
parently encountered difficulties while produc-
ing replacement clutches, and for these coots
egg-formation costs may limit initial clutch size
or renesting potential. Thus, I reject the egg-
formation hypothesis as a single or primary ex-
planation of clutch-size limitation in American
Coots, although it may be important for some
small portion of the population.

Results from my study suggest that contin-
uation nesting is probably a better method than
partial clutch removal for testing energetic lim-
its on egg formation in coots. Rohwer (1986)
arrived at a similar conclusion after comparing
results from his own experiments on partial
clutch removals in prairie dabbling ducks (Roh-
wer 1984) with anecdotal reports of continua-
tion nesting in wild ducks. Continuation nest-
ing may provide an alternative method of testing
the egg-formation abilities of some other spe-
cies of birds. For experiments on continuation
nesting to be effective, birds must lay relatively
large clutches, they must have access to alter-
native nest sites, nest construction must be rap-
id, and females must have ready access to mates
displaying appropriate reproductive behavior.
If birds lay small clutches with little time be-
tween successive eggs, and if follicles require
several days to develop, then continuation nest-
ing cannot occur rapidly unless birds develop
supernumerary follicles, perhaps in anticipa-
tion of possible nest failure during the laying
cycle. Although some birds do develop super-
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numerary follicles (e.g. Hamann et al. 1986, Ar-
nold unpubl. data; but see Astheimer 1986:fig.
5), it is not clear whether this represents an
adaptation to possible nest destruction. The long
egg-formation periods and small clutch sizes of
most seabirds make them unlikely candidates
for rapid continuation nesting (e.g. Astheimer
1986, Hatchwell and Pellatt 1990). Birds that
nest in cavities or in dense colonies are unlikely
to have access to alternative nest sites and,
therefore, it is noteworthy that many of the best
examples of indeterminate laying obtained via
partial clutch removals have involved colonial-
or cavity-nesting birds (e.g. Northern Flicker
[Colaptes auratus], Phillips 1887; House Wren,
Kendeigh et al. 1956, Kennedy and Power 1990;
Wryneck [Jynx torquilla), references in Davis
1955; American and European kestrels, Porter
1975, Beukeboom et al. 1988; Herring Gull, Par-
sons 1976; Adelie Penguin [Pygoscelis adeliae),
Astheimer and Grau 1985). Open-nesting pas-
serines seem to require several days to construct
a new nest (e.g. Nolan 1978) and, not surpris-
ingly, most individuals losing nests during lay-
ing experience several days of delay before ini-
tiating a new laying cycle (Scott et al. 1987 and
references therein). The small clutch size of most
open-nesting passerines (i.e. 2-4), relative to
egg-formation periods (ca. four days; Scott and
Ankney 1983, Krementz and Ankney 1986), may
also preclude rapid continuation nesting. Con-
tinuation nesting is perhaps most likely to occur
among solitary ground- or overwater-nesting
species with relatively large clutches (e.g. some
Podicipediformes, Ferguson and Sealy 1983, Ar-
nold pers. observ.; Anseriformes, Rohwer 1986;
Galliformes, Maxson 1977, K. Martin and S. J.
Hannon pers. comm.; Rallidae, this study). Con-
tinuation nesting has been observed among
Lapwings (Vanellus vanellus) that lost their orig-
inal nests at the one-egg stage (Klomp 1970);
these birds have proceeded immediately to lay
a four-egg replacement clutch, thus producing
five sequential eggs at a normal rate of laying.
Egg-laying behavior analogous to continuation
nesting has also been observed among inter-
and intraspecific brood parasites (Scott and
Ankney 1983, Gibbons 1986, Lyon 1991, J. M.
Eadie, pers. comm., M. D. Sorenson, pers.
comm.), and among birds with serial polyandry
(Lank et al. 1985).

Egg-size variation and nest success.—Egg size
was not markedly smaller among coots that laid
large numbers of eggs in response to partial or
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total clutch removals. Most previous tests of
clutch size versus egg-size trade offs have relied
on observational data comparing different spe-
cies or comparing individuals within a popu-
lation (e.g. Lack 1967, Rohwer 1988, Rohwer
and Eisenhauer 1989). Such tests may not be
valid, because different species (or individuals)
may vary markedly in their access to resources.
Those with abundant resources may invest more
heavily in egg size and clutch size, whereas
those with few resources may have to produce
small eggs and small clutches. The result would
be a positive correlation between the two traits,
even though each was limited by food avail-
ability and, thus, by definition, part of a trade
off. A better way to test for trade offs is to ma-
nipulate one variable and then assess variation
in the second variable (Gustafsson and Suth-
erland 1988). In this study, I was able to ma-
nipulate the total number of eggs that individ-
ual coots laid and, yet, this had no discernable
influence on egg size (or, vice versa, egg size
had no influence on the number of eggs that
coots were able to lay under experimental con-
ditions). Other studies have also demonstrated
no net decline in egg size in response to ex-
perimental manipulation of clutch size via egg
removals (Kendeigh et al. 1956, Parsons 1976,
Fugle and Rothstein 1977, Astheimer and Grau
1985, Astheimer 1986).

There was no evidence that birds laying ad-
ditional eggs in continuation nests had lower
nesting success; in fact, their nest success was
probably higher than that of initial nesters (97
vs. 87%, respectively; P = 0.08). Because the two
groups of nests exhibited minimal temporal
overlap, the difference between the two groups
could be attributable to a seasonal increase in
nest success. It is clear that the data do not sup-
port the idea of an intraseasonal cost of repro-
duction associated with excessive egg produc-
tion. I cannot assess possible costs that might
have occurred during the brood-rearing or post-
breeding seasons, but such delayed costs seem
unlikely given that there were apparently no
immediate costs of extended laying.
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APPENDIX. Laying histories of American Coots experiencing total clutch losses during egg laying.»

size reduction in California Gulls (Larus califor-
nicus): A multi-hypothesis approach. Evolution

termination of clutch size in precocial birds. Curr.

Totals Mean
No. eggs laid in clutch Interval (days) between clutches 88
Lay size Nest
Female 1 2 3 4 5 1-2 2-3 3-4 4-5 5-6 Eggs Days rate  Nests (cm?) success
1990
4029 5 7 7 14 — 2 2 0 — — 354 37 0.946 4 28.26  Hatch
4018 6 6 7 4 8 3 0 4 1 * 34¢ 39 0.872 5 31.18 —
4009 3 10 14 — — 0 1 — — — 27 28 0.964 3 27.88  Hatch
4036 10f 8 4 5 — 8t 3 3 * — 27+ 41 0.659 4 32.61 —
4026 3 7 1+ 6 9 0 ™ 1 2 — 26+ 36 0722 5 31.84  Hatch
4022 1 9 13 — — 0 1 — — — 23 24 0.958 3 30.21 Hatch
4015 7 7 7 — — 1 0 * — — 21 22 0.955 3 2782 —
4005 11 9 — — — r — — — — 20 23 0.870 2 2560  Hatch
4088 3 16 — — — 0 - — — - 19 19 1.000 2 2512  Hatch
4024 8 n — — — 61 — — — — 19+ 27+ 0.704 2 29.06  Hatch
4074 3 8t 8 — — 0 11f - — — 19+ 30 0.633 3 2424  Hatch
4011 5¢ 12 - — — 1 — — — —_ 17+ 18 0.944 2 31.58  Hatch
4044 4 5 8 — — 2 1 * — — 17 20 0.850 3 31.59 -
4006 10 — — — 0 — — — — 16 16 1.000 2 30.41 Hatch
4025 6 10 - — — 0 — — — — 16 16 1.000 2 2974  Hatch
4012 6 E — —_ — 9 — — — - 16 16 1.000 2 3270 Fail
4037 8 _8_ — — - 4 — —_ - - 16 22 0.727 2 27.65 Hatch
4060 7 8 — — — 0 — — — - 15 15 1.000 2 28.51 Hatch
4033 5 8 - — — 2 — — — — 13 15 0.867 2 28.38  Hatch
4133 5¢ 8 — — — 3¢ — — — — 13+ 16 0.813 2 29.12  Hatch
4082 5 6 — — - 2k — - — — 12 13 0.923 2 28.04 Hatch
4046 7 — — — 4 — — — — 12 16 0.750 2 29.31 Hatch
4055 2 2 —_ — - 1 — —_ - — 11 12 0.917 2 22.84 Hatch
4080 6 5 — — — 3 — — — — 11 14 0.786 2 28.96 -
4027 3 7 — — — 1f — — — — 10+ 11 0.909 2 2774  Hatch
4132 4 1 5 — — 3t 8 * — — 10+ 21 0476 3 24.95 —
4094 4 5 — — — 1 — - — - 9 10 0.900 2 27.75  Hatch
4007 1 3 3 — — 4 0 * — — 7 11 0.636 3 25.93 —
4080 3 2 — - — 0 * — — - 5 5 1.000 2 3015 —
4049 28 3 — — — 1 — — — — 5+ 6+ 0.833 2 2768  Hatch
4034 2 — — — — * — — — — 2 2 — 1 27.57 —
4084 2 — — — — * — — — - 2 2 — 1 29.99 —
1991

149 10 14 — — — 1 — — — — 24 25 0.960 2 2423  Hatch

222 7' 15 — — — 1 — — — — 22+ 23 0.957 2 3166  Hatch

87 10 4 7 @ — [ 0 X@ — — 21+ 21+ 1.000 3 27.18  Hatch@

144 7 1 13 - — 1 0 — —_— - 21 22 0.955 3 3176  Hatch

134 4 16 — — — 1] - — — - 20 20 1.000 2 2492  Hatch
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APPENDIX. Continued.

Totals Mean
No. eggs laid in clutch Interval (days) between clutches N
Lay size Nest
Female 1 2 3 4 5 12 2-3 34 45 5-6 Eggs  Days rate  Nests (cm?®) success
225 6 14 — — 3 — — — - 20 23 0.870 2 25.01 Hatch
23 2 7 10 — — 3 2 — — — 19 24 0792 3 29.01 Hatch
46 8 10 — — — 0 — — — - 18 18 1.000 2 28.11 Hatch
147 1 5 1 - — 0 0 — — — 17 17 1.000 3 31.53 Hatch
203 4 13 — — — 0 — — — — 17 17 1.000 2 2539  Hatch
196 4 9 — — 0 0 — - - 16 16 1.000 3 3005  Hatch
162 6 10 — - — 0 — — — — 16 16 1.000 2 3130  Hatch
48 3 12 — - - 0 — — — — 15 15 1.000 2 28.58  Haich
152 4 1 — — — 1 — — — — 15 16 0.938 2 27.62 -
183 2 9 4 @ — 0 3 X@ — — 15+ 18+ 0.833 4 2654  Hatch@
123 9 @ — — 2 @ — — - 14+ 16+ 0.875 3 — Hatch@
160 1™ 12 - — — 0 - — — - 13+ 13+ 1.000 2 29.97 Hatch
138 9 4~ — —_ - 0 — - — — 13+ 13+ 1.000 2 30.20 -
168 3 10 - — - 0 — — —_ — 13 13 1.000 2 27.02 Hatch
175 1f 12 — -_— —_ 3 — — - - 13+ 16 0.813 2 29.41 Hatch
139 3 4 1 4 @ 0 0 0 X@ — 12+ 12+ 1.000 5 28.74 Hatch@
40 2 10 — - — 1 — — — — 12 13 0.923 2 25.84 —_
170 5 6™ — — - 0 - —_ - - 11+ 11+ 1.000 2 31.21 —
31 5 5 1 — - 0 0 X — — 11 11 1.000 3 28.09 -
306 2 9 — — — 1f — — — — 11+ 12 0917 2 - —
61 6 5 — — — 1 — — — — 11+ 12+ 0917 2 27.01 —n
193 6 4 @ — — 0 X@ - — — 10+ 10+ 1.000 3 27.24  Hatch@
30 6 4 — — — 0 * — — - 10 10 1.000 2 25.13 -
176 1™ 9 — — — 2f — — — — 10+ 12+ 0.833 2 — —n
56 7 3 — — — 8 * — — — 10 18 0.556 2 28.29 —
192 8 — — — 0 — — — — 9 9 1.000 2 26.39  Hatch
155 4 5 — — —_ 0 * — —_ - 9 9 1.000 2 29.79 -
117 2 2 5 — - 1 0 X - - 9 10 0.900 3 25.56 -
140 m 8 — - - 6f - - — — 9+ 15+ 0.600 2 29.57 Hatch
171 2 6 — - — 2 X — — — 8 8 1.000 2 28.28 —
93 7 — — — — * — — — — 7 7 — 1 - —
187 6 @ - - = Xx@ — - - - 6+ 6+ — 2 2711  Hatch@
199 6* — — — — * — — — — 6+ 6+ - 1 30.11 -
200 2 3 — —_ - 0 * - — — 5 5 1.000 2 27.71 —
204 4f - — — - * — - — — 4+ 4+ — 1 - —
142 3 — — — — - - — — —_ 3 3 - 1 — _

* Estimates followed by + are minimal. *, no replacement nest found despite active searching. X, no nest search conducted. @, unmarked brood
later sighted on territory, presumably from replacement clutch.

* Complete (incubated) clutches underlined; all other clutches removed, destroyed, or abandoned during laying.

< Renest intervals based on experimental clutch removals are underlined; all others from naturally destroyed or abandoned nests.

4 Two eggs laid parasitically in another coot’s nest.

 Three eggs laid parasitically in another coot’s nest.

‘Exact day of clutch destruction unknown; clutch may have been complete and/or larger than indicated; renest interval may have been shorter
than indicated.

& Male killed on nest (probably by a Great Horned Owl, Bubo virginianus); female r d for second clutch.

* Nest destroyed when found; estimates of eggs laid are minimums and estimates of renesting delays are maximums.

' Two additional laying skips within laying sequence for clutch 2.

iClutch 1 was a renest produced after an earlier clutch had been destroyed during incubation.

*One egg laid parasitically in another coot’s nest.

! Nest experimentally destroyed to induce renesting.

™ Female collected for energetics study.

" Nest fate not determined.




